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ABSTRACT
Traumatic insults to the central nervous system are frequently followed by profound and 
irreversible neuronal loss as well as the inability of the damaged neurons to regenerate. 
One of the major therapeutic challenges is to increase the amount of surviving neurons 
after trauma. Thus it is crucial to understand how injury affects neuronal responses and 
which conditions are optimal for survival to prevent neuronal loss.
During development neuronal survival is thought to be dependent on the 
competition for the availability of survival-promoting molecules called neurotrophic 
factors. Much less is known on the survival mechanisms of mature neurons under 
traumatic conditions. Increasing amount of evidence points towards the possibility that 
after injury neuronal responses might aquire some developmental characteristics. One of 
the important examples is the change in the responses to the neurotransmitter GABA: it 
is inhibitory in the intact mature neurons, but can induce excitation during development 
and after trauma.
An important step in the maturation of GABAergic transmission in the CNS is the 
developmental shift in the action of GABAA receptor from depolarization in immature 
neurons to hyperpolarization in mature neurons. GABAA-mediated responses are tightly 
linked to the homeostasis of the chloride anion (Cl-), which in neurons is mainly regulated 
by Na+-K+-2Cl- cotransporter NKCC1 and K+-Cl- cotransporter KCC2. Trauma-induced 
functional downregulation of KCC2 promotes a shift from hyperpolarizing GABAA-
mediated responses to depolarizing. Other important consequences of neuronal trauma 
are the emergence of dependency of central neurons on brain-derived neurotrophic 
factor (BDNF) for survival, as well as the upregulation of neurotrophin receptor p75NTR. 
Our aim was to answer the question whether these post-traumatic events are interrelated, 
and whether the regulation of BDNF and KCC2 expression is different under traumatic 
conditions and in intact neurons.
To study responses of injured mature central neurons, we used an in vitro and 
in vivo axotomy models. For in vitro studies, we lesioned organotypic hippocampal 
slices between CA3 and CA1 regions, which resulted in selective axotomy of the CA3 
neurons and denervation of the CA1 neurons. Some experiments were repeated in vivo 
by lesioning the neurons of the corticospinal tract at the internal capsule level, or by 
lesioning spinal motoneurons at the ventral root.
We show that intact mature neurons do not require BDNF for survival, whereas 
in axotomized neurons apoptosis is induced upon BDNF deprivation. We further show 
that post-traumatic dependency on BDNF is mediated by injury-induced upregulation 
of p75NTR. Post-traumatic increase in p75NTR is induced by GABAA-mediated 
depolarization, consequent opening of voltage-gated Ca2+ channels, and the activation of 
Rho kinase ROCK. Thus, post-traumatic KCC2 downregulation leads to the dependency 
on BDNF through the induction of p75NTR upregulation. Neurons that survive after 
axotomy over longer period of time lose BDNF dependency and regain normal KCC2 
levels. This phenomenon is promoted by BDNF itself, since after axotomy contrary to 
normal conditions KCC2 is upregulated by BDNF. 
The developmentally important thyroid hormone thyroxin regulates BDNF 
expression during development. We show that in mature intact neurons thyroxin 
downregulates BDNF, whereas after axotomy thyroxin upregulates BDNF. The 
elevation of BDNF expression by thyroxin promoted survival of injured neurons. In 
addition, thyroxin also enhanced axonal regeneration and promoted the regaining of 
normal levels of KCC2. Thus we show that this hormone acts at several levels on the 
axotomy-initiated chain of events described in the present work, and could be a potential 
therapeutic agent for the injured neurons. We have also characterized a previously 
unknown downregulatory interaction between thyroxin and KCC2 in intact neurons.
In conclusion, we identifi ed several important interactions at the neurotrophin-
protein and hormone-neurotrophin level that acquire immature-like characteristics after 
axotomy and elucidated an important part of the mechanism by which axotomy leads to 
the requirement of BDNF trophic support. Based on these fi ndings, we propose a new 
potential therapeutic strategy where developmentally crucial agents could be used to 
enhance survival and regeneration of axotomized mature central neurons.
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